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BACKLIGHT MODULE AND LIQUID
CRYSTAL DISPLAY USING SAMEL

FIELD OF THE INVENTION

The present invention relates to backlight modules used in
liquid crystal displays (LLCDs), and more particularly to a

backlight module having mixers for mixing color light beams
and a liquid crystal display using the backlight module.

GENERAL BACKGROUND

An LCD has the advantages of portability, low power con-
sumption, and low radiation, and has been widely used 1n
various portable information products such as notebooks,
personal digital assistants (PDAs), video cameras and the
like. A typical liquid crystal display generally includes a
liquid crystal panel, and a backlight module configured for
providing a uniform plane light for illuminating the liquid
crystal panel.

Referring to FIG. 10, a typical backlight module 100
includes a bottom tray 110, an light emitting diode (LED)
array 120 disposed on the bottom tray 110, and a diffusing
plate 140 disposed above the LED array 120. The diffusing
plate 140 1s configured for diffusing light beams from the
LED array 120.

The LED array 120 includes a plurality of red, green, and
blue LEDs 127,128, 129 which are arranged sequentially and
repeatedly. The red, green, and blue LEDs 127, 128, 129 are
all top emission LEDs.

The red, green, and blue LEDs 127, 128, 129 emit red,
green, and blue light beams respectively. The red, green, and
blue light beams are mixed into white light beams when
traveling in a space between the diffusing plate 140 and the
LED array 120, and then the white light beams strike at the
diffusing plate 140.

However, the space between the diffusing plate 140 and the
LED array 120 1s limited for a consideration of size and
weight factors, such that the red, green, and blue light beams
may not have enough mixing space. In such a case, some red,
green, or blue light beams directly strike at the diffusing plate
140 without being mixed. Thus, light beams provided to a
liquid crystal panel by the backlight module 100 are prone to
color shift of red, green, and blue. Consequently, a color shiit
phenomenon occurs 1n a corresponding display area of the
liquid crystal panel. Thus, the display quality of the liquid
crystal display using the backlight module 100 1s impaired.

What 1s needed, therefore, 1s a backlight module and a
liquid crystal display including such backlight module that
can overcome the above-described deficiencies.

SUMMARY

In one preferred embodiment, a backlight module includes
a light emitting unit. The light emitting unit includes a plu-
rality of light sources configured for providing color light
beams respectively, and a mixer configured for mixing the
color light beams into white color beams. The mixer includes
a plurality of light guide structures respectively correspond-
ing to the light sources and a mixing body connected to the
light guide structures. The light guide structures are config-
ured for guiding color light beams emitted from the light
sources to the mixing body. The color light beams emitted
from all the light sources being partially mixed into white
light beams 1n the mixing body.

Other novel features and advantages will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exploded, 1sometric view of a backlight mod-
ule according to a first embodiment of the present invention,
the backlight module including a plurality of light emitting
units, each light emitting unit including a plurality of red,
green, and blue light emitting diodes and a mixer.

FIG. 2 1s a schematic, 1sometric view showing an arrange-
ment view of the red, green, and blue light emitting diodes of
FIG. 1.

FIG. 3 1s an enlarged, 1sometric view of the mixer of FIG.
1.

FIG. 41s an enlarged, side-on view of the light emitting unit
along a direction V of FIG. 1.

FIG. § 1s similar to FIG. 2, but showing a corresponding,
view 1n the case of an arrangement view of red, green, and
blue light emitting diodes of a backlight module according to
a second embodiment of the present invention.

FIG. 6 1s similar to FIG. 3, but showing a corresponding,
view 1n the case of one mixer of the backlight module of the
second embodiment.

FIG. 7 1s an exploded, side-on view of a backlight module
according to a third embodiment of the present invention, the
backlight module including a light source.

FIG. 8 15 an exploded, side-on view of the light source of
FIG. 7.

FIG. 9 1s an exploded, side-on side view of a liquid crystal
display according to an exemplary embodiment of the present
invention.

FIG. 10 1s an exploded, 1sometric view of a conventional
backlight module.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Retference will now be made to the drawings to describe
preferred and exemplary embodiments of the present inven-
tion 1n detal.

Referring to FIG. 1, an exploded, isometric view of a
backlight module 200 according to a first embodiment of the
present invention 1s shown. The backlight module 200
includes a bottom plate 210, a plurality of light emitting units
220 disposed on the bottom plate 210 and arranged 1n a
matrix, and a diffusing plate 240 located above the light
emitting units 220 and configured for diffusing light beams
from the light emitting units 220. Each of the light emitting
unmts 220 includes a red LED 227, a green LED 228, a blue
LED 229, and a mixer 222. The light emitting units 220 are
configured for provide mixed color light beams of red, green,
and blue.

Referring also to FI1G. 2, 1n each light emitting unit 220, the
red LED 227, the green Led 228, and the blue LED 229 are
connected end to end, thereby cooperatively defining a tri-
angle zone. The red, green, and blue LEDs 227, 228, 229
therefore define a plurality of triangle zones arranged 1n a
matrix correspond to the light emitting units 220 respectively.

FIG. 3 1s an enlarged, 1sometric view of the mixer 222 of
one of the light emitting units 220. The mixer 222 includes
three light guides 223 configured for guiding light beams and
a mixing body 226 configured for mixing light beams. The
light gmides 223 each have a generally L-shaped vertical
section. A chamfer of each of the L-shaped the light guides
223 1s generally curved corner shaped. Fach of the light
guides 223 includes a light incident surface 224 and a light
emitting surface 2235 (not visible) perpendicular to the light
incident surface 224. Thered, green, and blue LEDs 227, 228,

229 are side emission LEDs and each have a light emitting
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side facing the light incident surface 224 of a corresponding
light guide 223. The three light guides 223 of one mixer 222
cach correspond to one of the red LED 227, the green LED
228, and the blue LED 229, respectively. The mixing body
226 1s generally bowl-shaped and includes a bottom portion
attached to the light emitting surfaces 225 of the three light
guide structures 223 of the mixer 222. The mixing body 226
and the three corresponding light guide structure 223 coop-
eratively define a space therein (not visible). The mixing body
226 1s essentially equivalent to a concave lens, which 1s
capable of dispersing light beams from a narrow emitting
angle to a relatively wider emitting angle.

The mixer 222 can be made from a transparent material
with an index of refraction greater than an index of refraction

of air, such as polycarbonate (PC) or polymethyl methacry-
late (PMMA).

Referring also to FIG. 4, thered, green, and blue LEDs 227,
228, 229 respectively emit red, green, and blue light beams
into the corresponding light guides 223 through the corre-
sponding light incident surfaces 224. The red, green, and blue
light beams are tully retlected 1n the light guide structures 223
betfore traveling into the mixing body 226 from the corre-
sponding light emitting surfaces 225. Some of the red, green,
and blue light beams are mixed into white 1 ght beams 1n the
mixing body 226 and then travel to the diffusing plate 240.
Other red, green, and blue light beams traveling directly out
of the mixing body 226 are dispersed and mixed in a bowl-
shaped space defined by the mixing body 2265. Therefore, the
red, green, and blue light beams can be fully mixed into white
light beams 1n the mixer 222. The backlight module 200 need
not increase a distance between the bottom plate 210 and the
diffusing plate 240 for a full mixture of the three-color light
beams to be achueved. In addition, comparing to conventional
top-light emitting LEDs, the red, green, and blue LEDs 227,
228, 229 are side emission LEDs (emitting light beams from
a side) and therefore a desired distance for fully mixing the
red, green, and blue color light beams 1nto white light beams
can be shortened.

Referring to FIG. § and FIG. 6, FIG. 5 shows an arrange-
ment of red, green, and blue LEDs 327, 328, 329 of a back-

light module according to a second embodiment of the
present invention, FIG. 6 shows one of mixers 322 of the
backlight module. One red LED 327, two green LEDs 328,
and one blue LED 329 are connected end to end, thereby
cooperatively defining a square zone. The two green LED 328
are opposite to each other, and the red LED 327 and the blue
LED 329 are opposite to each other.

The mixer 322 includes a mixing body 326 and four light
guide structures 323 respectively corresponding to the red
LED 327, the two green LEDs 328, and the blue LED 329.
The four light guide structures 323 are arranged within the
square zone defined by the red, green, and blue LEDs 327,
328, 329. Each of the four light guide structures 323 includes
a light incident surface 324 and a light emitting surface (not
visible). The mixing body 326 generally has a bowl shape. A
bottom portion of the mixing body 326 1s attached on the light
emitting surfaces of the red, green, and blue LEDs 327, 328,
329.

Referring to FIG. 7, a backlight module 400 according to a
third embodiment of the present mvention 1s shown. The
backlight module 400 includes a light source 420, a diffusing,
plate 440, a light guide plate 450, and a reflecting plate 460.
The light guide plate 450 includes an emitting surface 452
facing the diffusing plate 440, an incident surface 451 per-
pendicularly adjoining the emitting surface 452, and a bottom
surface 453 opposite to the emitting surface 452. The diffus-

ing plate 440, the light guide plate 450, and the reflecting plate
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4

460 are arranged 1n that order from top to bottom. The light
source 420 1s disposed adjacent to the incident surface 451 of
the light guide plate 450.

Referring also to FIG. 8, the light source 420 includes a
plurality of light emitting units (not labeled) arranged 1n a line
to form a light source bar. The light emitting units have
similar structures to the light emitting units 220 of the first
embodiment.

Referring to FIG. 9, a liquid crystal display 2 according to
an exemplary embodiment of the present invention is shown.
The liquad crystal display 2 includes a liquid crystal panel 20
and a backlight module (not labeled) adjacent to the liquid
crystal panel 20. The backlight module can be any one of the
backlight modules of the above-described embodiments.

It 1s to be understood, however, that even though numerous
characteristics and advantages of preferred embodiments
have been set out 1n the foregoing description, together with
details of the structures and functions of the embodiments, the
disclosure 1s 1llustrative only; and that changes may be made
in detail, especially in matters of shape, size, and arrangement
of parts within the principles of the present invention to the
full extent indicated by the broad general meaning of the
terms 1n which the appended claims are expressed.

What 1s claimed 1s:

1. A backlight module comprising:

a light emitting unit comprising;

a plurality of light sources configured for providing color

light beams; and

a mixer configured for mixing the color light beams 1nto

white color beams, the mixer comprising a plurality of
light guide members respectively corresponding to the
light sources, and a mixing body connected to the light
guide member, the light guide members being config-
ured for gmiding color light beams emitted from the light
sources to the fluxing body, the mixing body defining a
bowl shaped space;

wherein the color light beams emitted from the light

sources are mixed into white light beams partially 1n the
mixing body and partially 1n the bowl shaped space
defined by the mixing body.

2. The backlight module 1n claim 1, wherein each of the
light guide members comprises a light incident surface adja-
cent to the corresponding light source and a light emitting
surface attached to the mixing body.

3. The backlight module 1n claim 2, wherein the light
sources are side emission light emitting diodes.

4. The backlight module 1n claim 3, wherein the light
emitting diodes comprise red light emitting diodes, green
light emitting diodes, and blue light emitting diodes.

5. The backlight module 1n claim 4 wherein the mixer
comprises three light guide members corresponding to one
red light emitting diode, one green light emitting diode, and
one blue light emitting diode respectively, the red, green, and
blue light emitting diodes connected end to end and defining
a triangle zone, the corresponding light guide members being
disposed within the triangle zone.

6. The backlight module 1n claim 4, wherein the mixer
comprises four light guide members corresponding to one red
light emitting diode, two green light emitting diodes, and one
blue light emitting diode respectively, the red, green, and blue
light emitting diodes connected end to end defining a square
zone, the two green light emitting diodes being opposite to
cach other, the corresponding light guide members being
disposed within the square zone.

7. The backlight module 1n claim 2, wherein the light gmide
member has an L-shaped vertical section, and a corner of the
L-shape of the vertical section 1s curved.
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8. The backlight module 1n claim 2, wherein each of the
mixing bodies 1s 1n a form of a bowl shape, a bottom portion
of the mixing body being attached to the light emitting sur-
faces of the light guide members.

9. The backlight module 1n claim 1, further comprising a
diffusing plate and a bottom plate, the light emitting unit
being disposed on the bottom plate, the diffusing plate being,
disposed above the bottom plate.

10. The backlight module 1n claim 9, further comprising a
plurality of light emitting units, the light emitting units
arranged 1n a matrix on the bottom plate.

11. The backlight module 1n claim 1, further comprising a
diffusing plate, a light guide plate, and a reflecting plate
arranged sequentially, the light guide plate comprising an
emitting surface facing toward the diffusing plate, an incident
surface perpendicularly adjoining the emitting surface, and a
bottom surface adjoining the incident surface and facing the
reflecting plate, the light emitting unit being adjacent to the
incident surface of the light guide plate.

12. The backlight module 1n claim 1, wherein the mixer 1s
made from transparent material that has an index of refraction
greater than an index of refraction of atr.

13. The backlight module in claim 12, wherein the trans-
parent material 1s polycarbonate or polymethyl methacrylate.

14. A liquid crystal display comprising:

a liquid crystal panel; and

a backlight module configured for providing light beams

for the liquid crystal panel, the backlight module being
adjacent to the liquid crystal panel, the backlight module
comprising;
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a diffusing plate;

a plurality of light emitting units adjacent to the diffusing
plate, each of the light emitting units comprising a plu-
rality of illuminators and a mixer, the 1lluminators being
configured for providing light beams of various colors,
the mixer being configured for mixing the light beams of
various colors mto white light beams and providing the
white light beams to the diffusing plate, the mixer com-
prising a plurality of light guide members corresponding
to the 1lluminators of the same light emitting unit and a
mixing body, each light gmde member having an
L-shaped vertical section, a corner of the L-shape of the
vertical section being curve shaped, each light guide
member comprising a light incident surface adjacent to
a side of the 1lluminator that emits light beams and a light
emitting surface being attached with the light incident
surtace.

15. The liquid crystal display 1n claim 14, further compris-
ing a bottom plate, the light emitting units arranged in a
matrix on the bottom plate.

16. The liquid crystal display 1n claim 14, wherein each of
the illuminators 1s a light emitting diode that emits light
beams of red, or green, or blue.

17. The liquid crystal display 1n claim 16, wherein the light
emitting diode emits light beams from a side thereof.

18. The liquid crystal display in claim 14, wherein each
light emitting unit comprises three illuminators emitting red,
green, and blue light beams respectively.
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